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METHOD AND APPARATUS FOR MAKING A 
PILE ARTICLE AND PRODUCTS THEI..EO.V 

5 

Background of the 7 riven t ion 

This application is a continuation-in-part of 
application Serial No. 44L.302 filed May 17, 1995 which 
in turn is a continuation of application Serial No. 

10 08/331,074 filed October 28, 1994 which in turn is a 

continuation of application Serial No. 08/298,264 filed 
August 3i, 1994 which in turn is a continuation-in-part 
of application Serial No. 08/017,162, filed February 
22, 1993. The present invention relates to elongated 

lb pile articles that: are useful as floor and wall 
covering when aligned with other elongated pile 
articles and attached to a backing substrate to make up 
a pile surface structure, and to methods of making an 
elongated pile article and a support mandrel useful in 

20 the process for making the article. 

Conventionally, elongated pile articles have 
been mads for use as a chenille-type yarn, as a pile 
weatherstripping, or made as part of a carpet-sized x-y 
array of support strands~~and pile yarn' that emerges 

25 from the process -as a finished ^rpcu . The chenille- 
type yarns do not lend .themselves *o ^ss?mbly into a 
carpet structure except by a time consuuiiw expensive 
ve^inc; process. The wether: '.ripping article;; do net 
provide individual bundles of bulky yarn nleny a strand 

3 0 and are not designed to T x? made by a process using a 
continuous yarn source, and ar-- not designed with a 
narrow strand for compact side- by-side arsembly . The 
carpet -sized x-y nr^ay process is a complex proctss 
where it is difficult to control the process tension 

35 and bonding quality of ap.'tividual pile articles, and it 
does not produce pile particles that can be used in a 
carpe-: to produce a high rtensi r y of tufts/square inch. 
Thfc- strand width and pit :t>. of h'j yarn on th~ strand 
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are large compared to the diameter of t;^e. T ^^ bundle 
used. The process also does not lend itself, to 
producing an in termediate upstanding pile article that 
can be pac^aged'^nd sold as a feed material to carpet 
5 makers, ,The pile articles .made by, the ; *7.y, array 

proc?ess, usua^y^.eT5pl9y^an adhesive, tp atttach the yarn 
to t^he support t s,tr:and, and the pile article, to a backing 
^ which, adds another .polymer component to the structure 
and ; is messy h diff icult to ppcess, ; and^presents 

10 problems when .the t base materials of the article are to 
b$ recycled af ter .use . ^ ; 

There is a need for a low cost elongated pile 
article, .CQmprising bundles t of yarn arranged in, a high 
density that can be made by a simple inexpensive 

13 method, and is ^designed to be packaged or used directly 
cls\ A feed T material for combining .wij:h a backing 
substrate for making „a pile surface ^structure. , There 
i§ also ,a need . f,or a strong^ reliable elongated pile 
article that can be packaged and ^andled in a carpet 

20 , , njaking prpcess, _ ... • ■ ■ h _ ? , , . ^ 

ffinmnfflry of, thy Jnv^iitiflr 

The pile article of this invention .comprises 
a .^suppqrt strand;, and a plurality, of bundles of 
25 filaments, each bundle defining a pair of loop pile- 

forming tufts, each of said bundles having a dense 

" .o ; ' : .:<:y ;» c. . .-'"'J '* ... : a - : • y 

portion of filaments bonded together and secured to 

c - > i 

said support strand; each of said bundles of filaments 
having a frangible portion ^diacent^ the dense portion 

30 wherein the strength of the frangible portion is l^ss 
than the strength of the bundle of filaments before 
bonding. , - , « 

The pile article of this invention also 
comprises an elongated pile article comprising a 

35 plurality of_bundles of filaments attached to an 

elongated support strand wherein each bundle is in the 
form of a pair of loops v/ith one of the pair bonded to 
each side of the strand and one of the pair having a 
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different length loop than "the 'othe^ ldops ~o£ 'said* 
pair. ' - 

■A 'thWth^'^ ti£$£8$ {i t&<£ A *£i f'l irtiHie ^having 
dif fererit' : l£n§t}f \db$£ tdtigrisis u 88tit'£e&iiig arr 
5 elongatld'^il'pp&t^ J* V^^iity 3 df 'Mndles of 

filaments, ^whe^kiil ' ^le^ch'bu^d^^cc^fy^i^s "a 'pafi* of 
loops "witfh one 7 on 1 each' s'ide u o?^t:he st?r£'nd; J 'offsetting 
the pair ~of "Idfdps' relat r i^6 c tb "t^^^^ of 
the pair ' has a different TerigCK*lodp J than Th£ '6ther 

10 loop of the pair; bettd'ing "said bundle s ovVf "the strand; 
bonding said filaments of iach bundle 'whet€ they 
contact the strand to form a dense portion in the 
bundle that has the filaments bonded €ogeZft&t and to 
the strand. f — - 

15 The invention also comprises a pile surface 

structure wherein a plurality of tdop pile Articles are 
placed o,io next to the otI?er 'on to a badkincf 0 substrate . 
One sucn backing substrate may^ave'a plfiririty of 
projections extending out from the surfad£ with the 

2o projections terminating in overhauling port ! iori6 that 

retain -he loop pile articles. A variety of materials 
may be used for tha yarn^ fir* tlS^ "lobp f>ii£ ^attfcles and 
pile surfavre structures. In one case, the bundles of 
filaments are multiple yarns of 'liffererifcf colors 

25 loosely entangled with p, low 1 „ 'el of twist between the 
yarns whera'.-y different "colors- aisappear and reappear 
in the oaired loops. 

Hriaf D ^ ^-iptyon >jx .he Urawinao 

3 0 ?i*j. 1 is a c*.iagrama "in view of the process 

tor makiuiT ail elongated pile article. 

f-igs. 2A, 2B and *IC are perspective and 
different end vicwr ot an elongated pile article of 
this invention. 

3 5 Figs. 3A and 3B are end views of an alternate 

embodiment tor the pile article ot this invention. 
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,Fiqs. 4A, 4B and 4C are sectioned end and 
side views of a support mandrel useful in making the 
, t, ungated L pile article of \his : in^n£ion. 

Fias: 5A. through 5D are "diagramatic 
,,5», perspective v^f (7f o^substp^ ? having projecting 
portions with overhanging portions... 

Figg ; ,6A through 6D_are end views of 
^elongated p^ substrates . 

represented in Figs. 5^ through^ 5D^ r ^ 
in Fia. 7 ia a diagramatic illustration of a 

, f . ^ method. of making a carpejt from ,t he elongated pile 
article of this invent ion - p ^ ^ 

Fig^SA is a ^graph relating' tuft strength and 
bondrStrength/to^pressuM the ultrasonic 

15 horn., v . . ... oaoe , -^ioo -a: s-e<~s ' . 

Figs. 8B and 8C are schematic diagrams of the 

pile article, illustrating application of ' "force to test 

strength. . r ^-^ nol , J Pn , jr . 

Fig. 9 is^a diagramatic view of a process tor 

r 20 forming a pluralit^of r pile articles at the same time. 

Fia 10 is a diagram showing one way to 
measure ,the dianj^ter of a pile yarn. 

Fia 11A is a simplified ^representation of 
the tuft distribution in a tuf ting -machine -made carpet. 
9 c Fiq 11B is a simplified representation of 

.the tuft distribution in a r carpet made from the 
_ . tuf tar ing of , the invention. 

Viq 12A is' a' simplified representation of a 

: c > ■. . .< ::-^.3:. nf9 a. .. j roof * r '> - : • • , 

section along the center of a tuftstring support strand 

30 3 - showing, bundles bonded to the strand in a single layer . 

Fig. 12B is a js imp lit led^representation of a 

, , , section, along" the cVnter of a' tuf tst ring support strand 

. showing bundles* bonded to the strand in an overlapping 

relatipnshij). ^ : . . r t 

35 " " * Fig. 13 is,_"a graph of the ratio ofP/D vs. 

W/D to assist in 'illustrating the inventive concept. 

Fig. 14A is' a schematic illustration of a way 
~ ' ~. ^ / " * 

to make a two- loop pile article on a mandrel. 
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Fig. 14B is a schematic illustration of a 
two-loop pile article, 

Fig. 15A is a schematic illustration of a way 
to mak& a one -loop pile article. 
5 Fig. 'i5B is a schenac-C illustration or : a 

one-loop pile article. 

Fig. 15C is a scherost ic illustration of 
single tuft cut pile article tanaed from the one-loop 
pile article of Fig. 15B. 
10 Fig. 16 shows a diagrammatic view of an 

alternate embodiment for wrapping yarn on the mandrel 
using a rotating ring and guide. 

Fig. 17 shows a diagrammatic view of an 
alternate embodiment for wrapping a plurality of yarns 
15 using separate conduits spaced off-center from the 
mandrel. 

?ig.'"" 18 is a diagrammatic view of a simple 
process for making the elongated pile article. 

Fig. 19 is a schematic plan view of a loop 
20 pile elongated pile article. 

Fig. 2 0 is a perspective viev/ of the loop 
pile elongated pile article of Pv;- 19. 

Fig. 21 is a diagrammatic view of a process 
for making the J loop pile article of Fig. 20. 
25 Fig. 22 is an end view ct an alternate 

embodiment of the loop pile article of Fig. 20. 

Fig. 23 is a perspective view of another 
embodiment of the loop pile elongated pile article. 

3 0 Deta iled Descr iption of I lluatr^r^d Kmbodimeatfl 

Referring to' Fig. 1, a yarn 20 is fed into 
the process from a source at 2'2 'through ten^ioner 24. 
The yarn may typically be a multifilament, crimped, 
bulky, plied-twisted yarn that has b£en heat set to 
35 retain the ply-twist. The yarn is a thermoplastic 

polymer, such as nylorC "polypropylene , etc. The yarn 
may be one or several ^ply- twisted lengths; two lengths 
are»*hown. The yarn 20 passes through a hollow guide 
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l conduit 26 that is yptated .about;., its oentbrr./" The 
f ^conduit ..is bent to .guide the yarn, to. apposition at 28 

radially displaced^ from the ceri^er of dotation. A 
, : , * mandrel 30 i.se. Syppg^ed and dfeeld, stationary ,at the 
5 tt center of ^rotat^ioof by <>fixed support ,129-and accepts the 
: 1()3 ,.yar\i which is . wouad ^axound . the. mandrel. As it is fed 
, from. the conduit L ^t *28. A slight twist amay be imparted 

tq,..the yarn ,-as; it ; , passes, through. -theicrotating conduit 
t f so if two strand? -a-r^e :used .rfo* . -fciie«;yarn, source, the 
1.0,. . strands may .have a vlow pitch, wrap .about one -another as 
r r they, leave the conduit -at 28. \ -_v 

rr .. , - , , A -support ?; str:and 32 is fed. into the mandrel 
.at; 34,,, and ^through a passage 36 in the maitidreJ*. The 
x , strand exits the parage at 38, where -it -is >guided to 
15 ^th.e outride, of the, mandrel. ■ along : ridge 40 . • The mandrel 
m^y. have two,, three,, four or mor^such -ridges where the 
. ^ y^rn wrapping on, the, mandrel bends at[ -an. included angle 
between, 0 and. 18 a, degrees, ^ preferably. , less than 90 
... ^ degrees..,, A star -shaped -mandrel, with means "to guide the 
20 „ ^ y^rjV down between the peaks may be^used;to provide more 
. f , thaj^. four, ridges yith the ^ yarn bent, to- less than 90 

. ^pgrg.e^ : around: tjtie. ridge* The yarn 20 is wrapped over 
t ^ the~ strand 32- whic^i is pulled along/ the mandrel by the 
, .. ; r windup r 4 1 . _ > Ad^tional^ strands or yarn; carriers , such 
?5 r , as 134 x ai>d H 136 propelled by mot of. driven pulley 135, 
are uped to t ran^pprt the ; yarn along-. the t - other ridges 
,pf ; ,the L ,mandre : l . r It : is^important - f or-, controlled, 
^unif ornuyarn jnoyjement that : such transport ♦ means are 
provided for. the yayn along each ridge- of the- mandrel. 
30 The yarn is f wrapped under some tension so it conforms 
r to, the; mandrel and^is ,f rictionally engaged^ with the 
- j^trand and carriers, for .transporting before and after 
_ bonding . L Frictional engagement with the strand the 
„ r _ yarn is : ,bonded to is r _not , necessary after bonding. The 
3 5, ^wrapped /yarn and strand v t ravel together along the -: 

mandrel and under ultrasonic : horn 42 where sufficient 
energy is imparted to the yarn that : it;is compacted, 
the multifilaments are, fused together,, and the yarn is 
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fuseu uo the support strand. When the yarn is bonded 
while bent arou&d the m&ndrel, the yarn remains bent at 
the mandrel angle-when removed. This bend i3* 
especially -not iceable ih~ the bundle filaments adjacent 
5 the bond that were pressed directly against the 

i 

mandrel. The - mandrel • ridge 40 acts as ari ulttasonic 
1 anvil surface. The wrapped yarn; now bonded 'to the 
strand, continues along the mandrel 'tc' cutter 44 
(intermediate the mandrel ridges 1 14 2 ; and i50 and 

10 inserted in a gutter slot ' 47 in v th'fe 'mandrel) : which 
severs the yarn to define -individual bundles of yarn 
having opposed ends" With each bundle attached to the 
strand intermediate the ends . -The cut ' bundle is 
attached '.'to* one sYde- of the Strand at : ^ ideation on the 

15 periphery df -the' strand- aii'd'' the ends are bent at "acute 
< angles at a r>ase v 73 : to define two legs oY : tuf tffe . The 
acute angles aire measured relative" to : a' 3 reference plane 
71 tangent t<> th^ location^ along the strand" where the 
bundles are at cached . - The cut yarn unwraps from the 

20 mandrel between r-idges >-j 14 2"' ahd 150 and allows access to 
the mandrel for mandrel support 29 and to fe^d in the 
■- strand at-- 34 as discussed/ The basic elongated pile 
article or tuftstrmg 45 of Fig. 1' is now complete and 
can be wound. up on a reel, piddled into a container, or 

25 fed directly to- another piece : of processing equipment. 
In an alternate embodiment shown in Fig;- 9; three 
strands are bonded to the yarn and the assembly is cut 
Once ' to remove it; lrour : the"mand!rel and is further cut 
to define the individual tuftstring. 

3 0 -Thef-e are different ways possible for 

wrapping the yarn oh the mandrel . -'For "instance, in 
Fig. 16, the hollow guide conduit can be replaced witn 
a Jiotor driven ring 272 holding yarn guide 274 that 
guides the yarn onto mandrel 30 in che same way as in 

35 Fig. 1. The r yarn 20 would still "come from the source 
22 ch&t may' provide an endless supply of yaa^nl An 
eyelet :>*is from which the yarn is fed may or may not 
li^LjCx: che center of rotation : of guide 274 or on the 
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center of mandrel 30 . , This provides f lexAfeil-ity in 
locating yarn sources and gives easy .access to the yarn 
.20 for making yarn product, changes } ■ , • 

— ,,■> Alternatively,, -irijFigL- A 7 * r thgre^. may be two 
5 or more hollow guide conduits used t ha t ?# rotate on 

cerfters,, suc^^Sf .^76, and. 278 ? that. 5 are not aligned with 
. the center^ 25,0 pL^t he mandrel c .In this^way ^several 
yar^s .can ,k>e,. wpun^ on the mandrel ^simultaneously 
without, ply t\yisting sp ,a controlled : bl^nd,ing of colors 
4 10 or yarn .types, can, occur . ^ Once again, the yarns 20a and 
20b could still come from sources 22a and 22b that may 
provide endless supplies , of yarns * 

.The mandrel of Fig ? _ 1 : can .also be mounted in 
a way cptjher thaA. by, support 23. For instance , the 
15 . mandrej. r can, be. supported a£ the, end -where : the 4 yarn is 
wrapped -on. by mounting, the mandrel, on -rotary,- bearings 
on ml e^ctepsioj^; of the rotating conduit 26 of Fig. l. 
The .mandrel cojfld r . then be restrained .from ■ rotating by 
mejanf knoym , in the^.rt, such^as magnetic coupling with 
20 the rotary^ bearing support , . or .aligning one flat side 
of the mandjel,,with a flat ..belt that would travel at 
. the speedy of _ the. support strands and yarn and assist in 
. transporting , t^ ^strands and yarn along the - mandrel. 
The wrapped yarn, on the mandrel may be cut as in Fig. 
25 l /: ,or the yap^may not be cut and instead allowed to 
,feed off the .unsupported end of . the mandrel which is 
now, opposite tfc^ end where the yarn r is .-wrapped -on . In 
the latter; r ca^, ,^the support _ would Jbe bonded on the 
outside of the wrapped yam, as shown in Fig. 1 for 
30^ suppqrt strand 32a, .and t^e elongated pile article 
could be a loop pile, construction. , r . > 

^ _ .Figs 2A t -2B r ;. and 2C show ..different' views of 

a typical elongated pile article (tuftstring) [45 of the 
invention. r Figure 2A shows a plurality of bundles of 
35 yarr^ ,4.6, 48, 50, etc.. -.bent in a ; "U". shape and attached 
to a support strand-32 at the inside of the H U M . The 
bundle is bent to define a pair^of upstanding legs or 
tufts 52 and 54 far bundle 46 , the tufts attached at 


c 


8 


WO 94/06965 


PCT/L'S95/10933 


uheir base 73 t-6 t he strand 32V °'- The cut ' ehifs 56 and 58 
of the tufts 52 ^and 54 respectively faiT ' 'i-tf°at plane 
common with the 4 ends of '"the other • tufts / a'letough the 
ends may fall xrt different planes for different special 
S effects. • : ' • ' - L; v' VA - - : - : 1 v 

Fig. 2B shows an- enlarged "partial" end view of 
the tuftstring of Fig. 2A and Figure 2C Shows' the tufts 
of Fig. ; 2B bent- down to better £tudy the bonded region; 
both figures show 1 details of - the' v bond" ot thfe bundle 4 6 
10 to the -strand '32 . The bundle lia^ Mong 1 its length, a 
compacted region of - mult i filament s J 6Cr that has a dense 
portion 62 with the filaments^ bonded together, and 
opposed side portions 64 and 6£ T: with surface filaments, 
such as at 68, set at acute angles 70a 7 an£ v 70b to the 
15 reference plane "M at the ' baste* of the ttif tWi £r1 It "i's 
important : that the inner - filaments iri ' th£ ?: d6tapacted 
region are set at* an acute angle , and "these filaments 
arc "connected" - to other filatnents in thd r bundle so 
that the tufts are held uptight during asie'rfibly of the 
20 pile article into carpet: Th& ifcUte' ah§l£ is J 

preferably between 45 "and^O^degtfeesf to thi "reference 
plane 71" which is tangent' tc^'a-lbcatibn 69 orV'the 
periphery of the strknd 32 wfiefe : the* sdrf £ibe 6f the 
support strand is bonded to th^ a^ns*e J poft:i6ri; more 
25 : --preferably the angle is about "6V v degre££ . J The set- 
angle filaments may help ret'utrT thl n tufts to an upright 
condition if : the pile article fsr f iat wound ^dhto a 
tube, so the ttif ts' are -bent as ih >: Fi|V 2C, fdr storage 
and : shippirig to"a cafpet ' n&ke'r ; "The apposed side 
30 portions 64 3 cind 6^ lie netft t6; SftdToh iitfief 'side of , 

the dense portion.'- The dense 'p^S^ori has c a width 72 
• ~ ; that 3 approkdh4s the width '74 A £f fch£ ' strand 32; tne 
"dense portion is bonded to one surface portion 76 of 
" ' the peripheral surface of the strand 32 The width of 
3 5"- the stra'nd is the distance across the strafid 

perpendicular to the strand' length and 'parallel to the 
reference plane 71. "since the acute bend angle is 
grea££LSt on the iriner f ilameSlts r at the inside of the 
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bend, it is important that these inner filaments are 
"connected" to the remainder of the filament s., 
throughout , the yarn bundle tp insure the entire bundle 
is. held. at the |cutf .^ngle . ^Si^ch connection can be 
* 5_ accomplished in^the^supply ^^rp. 20, by twisting, plying, 
alternate twist flying, fluid, entanglement , application 
of a sizing, adhesive,, or ^the like , mec^anic^l . 
entanglement, etc. r Such connecting also results in a 
cohesion between the ,. filaments in the supply yarn so 

10 that the identity of the supply yarn is retained after 
assembly , with the support strand to form the tuftstring 
product, i.e. bundles of „ filaments can be identified in 
the tuftstring product, This, is in contrast to a 
weatherstripping elongated pile article where there is 

15* no "connection" between the filaments in the supply 

yarn so that, after assembly with a support, there are 

no identifiable bundles of yarn.. Such a condition is 

t : -r, . ' - / ■■ ' . ■*;.: > '"■ - ■' ; " '' v - • ■ 

desirable for a. weatherstripping where a homogeneous 
^ :i- . - > . : - - : ft v : c. : i' '• - • • < " -• • < 

weather blocking barrier is desired, but is less 

20 desirable in a carpet where individual bundle 

definition is preferred. _ £ - 

The strand is shown m the preferred position 

which is on the inside of the "U" shape, but the strand 

and'bundle can also be attached with the strand on the 

> .1.- • - :.t . ! -.U ; • .. ; * :•' " " ~- ; 

25 outside of the "U" shape as is shown in Figs. 3A .and 

3B. , The characteristics of the bonded region remain 

the same as described with reference to Figs. . 2B and 

2C To "produce the elongated pile article of Figs. 3A 

and 3B, strands 32, 134 and 136 would be carrier 

30 strands, not bonded _ to the yarn, which would be nvade of 
a material, having a higher melting point than the yarn 
(for instance, Kevlar® aramid fiber by Du Pont used 
A with a yarn such ' as "nylon) and the yarn 2 0 would be 
wrapped around the carriers an£ mandrel 30. A support 

35 strand 32a would be fed onto the yarn at the horn 42 

and bonded to the yarn. The horn^ would have a shallow 
groove in the surf ace aligned with_ ridge 40 to guide 
the strand during the bonding opera ti<?n. 
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The bonded region of tfee bundle has a 
structural feature tnat r 'is^ import ant r tb't:he function of 
the elongated pile article when ^plurality* of them are 
assembled on ?. oa^king substrate"" to f orm~l ri pile surface 
5 structure, or carpet ; ' Whk^a" f otce : ii A applieS to a 
tuft uegj 'bf the pile article 6f "t:he^ihv4hti6n, the 
tutc breaks at ' the edge of tfie^B6rid c to' the" strand 
before the tuftstirlng pulls away ffbm"£ he 'backing 
substrate, i.e., the bundle A is" firahgibie adjacent each 

10 end of the dense portion 62. 'This' is desired so major 
damage does not occur to the pile "surface structure if 
a single tuft is snagged during J use\ "siicn as by a 
vacuum cleaner , household pet, '^child's" toy or tha like. 
Loss 'of a single tuft would* not be rioticecl in the 

15- carpet, but pull-out of apportion of a^tuf tstring by 
breaking' the attachment to the backing would be very 
noticeable and would have 'to be timely ~ repaired to 
prevent further damag : e /" "This featiife'of the 'fcuf tstring 
of the invent ion * is achieve^^by' 'proper bonding of the 

20 yaril bundle 46 to the strand "32 at : the"dense" portion S7 
of the compacted region SO of the "bundle. "When done 
properly, the filaments at the "'edges of the width 72 of 
the derise region are thinned out at a frangible portion 
of the bundle at the base "of the tuft, 'such"" as at 98 

25 and 160/ "so the strength'of the frangible portion is 

weaker "than the strength ^ of the^feuridle before' bonding . 

It may also be desirable to^have^a single^ tuft pull off 

V' - *. s . ^ - ' \- '"■ j- 1 c ■ 'i ' ■ "j : 7 'i j *n '.' . " ';" f r j " 

of the strand than to^have the Bundle 'separate from the 

strand thereby removing two * tufts . "When a single tuft 

30 on' a ' conventional tuf ting-machine-made cut pile carpet 

is pulled, two tufts are removed. 'This can be avoided 

on a tuf tstring-made carpet by making the frangible 

portion strength less than the strength of the bond 

between the bundle and the strand. That is, the 

35 tensile strength of the bundle Is less than the shear 

or peel strength of the bond between the bundle and the 

strand. When one leg/ "or^ tuf t , of the bundle is pulled 

it_j«*ill rail by breaking at" the'" thinned out frangible 
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portion, at the^tuft ^base^ l£ v the t>ond is tcta,weak, 
pulling on a single tuft m^y t b£e$k the bond between the 
bundle 4^ .and ^the strand r ^32_and the .entire bundle 46 
including both ^tufts or l^gs ,52 . and .54 :< will come off 
5_ the. strand. T^is^wquld be more ngticeable in the pile 
^surface ^structure thaQ„.loss of a single^tuft. If the 
bQnd^ ,is too strong ..and the bundle is lacking the 
frangible ..portion , r .pulling on one tuft allows the yarn 
bundle wrapped. around the strand to.act as a unit that 
10. r may possibly .pull tlje. tuf tstring away from the carpet 

r backing, , ~ - ro: - - 

The ultrasonic bonding can be controlled for 
instcince,. by_varying the ultrasonic energy applied to 
tl)e horn, the pressure between the horn and yap, and 

15.. t;he_ti>ms,a yarn bundle spends squeezed lender ^ the 

ultrasonic ^horn, ... Other; vari|b\es, such as horn tip 
shape, ultrasonic frequency/ and the addition of 
ultrasonic energy coupling agents , (finishes) to the 
varn filaments, can also be controlled. The bonding 

20 process for a given yarn can be varied to produce _ 

different density bonds having different thicknesses to 

achieve the desired f rangibility . The density of the 

1 ' . ' »J s y. " . ^ ■ v .Tic." r . 
dense region of the bond may approach the density of 

^the yarn polymer as the filaments are tightly squeezed 

25 together, and^he^ed' by the action of the ultrasonic 

horn It has been observed in some cases that the 

proper balance (between the frangible portion strength 

and the bundle-to-strand bond strength) occurs when 

there is some polymer "flash" or "debris" evident at 

3 0 the edqes of the dense region of the bundle on the side 

where it contacted the ultrasonic horn. .For example, a 

*.■.;■- .\. j * . . . i '.7? 

2500 denier two-ply twisted" strand. had a frangible 
strength less than the bond strength when bonded with 
an ultrasonic driver at 40 KHz freq. and 1-2 
35 mil/amplitude for about* 1.0 second with a force of 
about 5 pounds between the horn and yarn. An 
ultrasonic driver that works well in. this application 
is a Dukane Corp. model 4 0A3 51 ? power^ supply capable of 

12 


WO 96/0696 j 


><7f/US95/10933 


350 wkttsat 40 KHz, connected to A Dukahe Cdrp. 11C28 
transducer. *A 'Dukarie booster may also be used. 

^Bonding' means dtfier than ultrasdnic bonding 
may be employed on the compacted portion of w tne bundle 
5 to bond the filaments to*each other and X6 trie strand. 
Such means may be solvent bonding or ".thermal Donding 
with, tcr instance, a hot'Bar ; "or some dombirfation of 
solvent , conductive, and~ui"tras66ic U: boridrng . oT ' 

Fig . BA shows how' f rangi'Bli 'yarrt^Wt^ength and 

10 bond strength are reiated^td a control labile process 

parameter such as ultrasonic horn pressure. ' The plot 
is a hypothetical example Based on limited test results 
ior a piy twisted nylon carpet yarn'""attra'ch^d to a nylon 
mcnotj lament support strand assembled according to the 

15 process ot I'*ig. 1. The diirve 160" : sh6wsl 1 frangible" yarn 
strength or tutu strength versus 'ultrasonic '""'horn 
pressu re and cuive 162 shows ^ond' strength' ^ifsus horn 
pressure. v"ne units on both axes are uriit^ of force. 
The xnf oiatcvcxoxi for tuft strength can Be 'obtained by 

20 collecting samples made at different horn pressures and 
pulling or ^ppo^;ite ends ~>f . single bundle 46 &s in 
FiLj. 3P am 1 , recording the for:; Tavei wher ore of tha 
tuf'cs 52 or separates from the bundle. The 
information for bond strength rxi ue obtained by 

25 collecting samples made at di.'^rf tit horn pressures and 
pulling on on^ tuft, suc.i as .4, and on the strand 32 
a^ in Fig. 8c and recording *ne force level when the 
bundle 4G -;eT?arut3i trom tr/; 3; rand due to bond failure 
~t the ^nsc. portion 62. As cia pressure increases, 

3 0 eventually the tuft 54 will begin separating izrorn the 
o'lirand ar. the fra>:igibla portion at 100 instead of the 
entire bundle separating, and here it is assumed the 
maximum bond strength has been reached. 

There are upper and lower proress limits for 

3 5 the process of F^g. 1 where runability cannot be 

sustained. The lower limit 164 represents a lower 
limit of horn pressure below which the bond strergr.h is 
s<x^iow th j ';uft3 cannot be reliably cut by cutter 44 
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... without separating , from the support . strand v The upper 
XimiC J66 v repr^sents^an ; upp^r . limit of horn pressure 
above .which, the..bpnding. is, disruptive, to the process by 

causing st ickihg 9 f o^W}^ c ^y^P^Yf B F in j -? he t bond to 
- 5 . the.jnandrel 3 0., pr.wlafi.re. the. frangible portion is .so 
, - -weak tha.t individual ,-tuft;s separate from the strand 

4uring cutting.. . Between the^lo^r and upper limits 164 
^ and ; 166 n , respect iy^ly, Is a, hat ched area a 6 7 where the 
... .process cart run, fcp- make t«fts,tring having^ the strength 
-,10 £ of the yarn diminished at .the bond to the strand. 

A. -preferred region of operation when making 
f pile articles, fo^ r carpet >t is. at, 107 between lines 108 
and 110. ,wher^ the ; tuft . st^ejigth .JL60 flails below the 
. - bond strength 162^. 7 by£ above a minimum tuft strength 
15 s level .170 .. A. rninijnura, tuf t r st : rspgth level may be that 
3 which, is require.^ .for good tuft pu.llout ^resistance in 
:j . . t am end ^use such, as .a .carpet . In the example shown , the 
. ; tuft strength should fall between ^bout 50* and 100% of 

,the maximum bqpd strength, or preferably between about 
20 .,6 p*,., and 80%, Not t e that the curve 160 for frangible 
. tuft^ strength .st^ts put before bonding equal to the 
yarn strength,, ^ains decreasing at about 172 as the 
bond strength increases and the yarn is compacted in 
the bond, . and ^11?, to .below the bond strength at 174 
25 as >ths bond ^t^ngth . increases to a maximum and the 
yarn, is ^furthe^ deformed at .the dense portion of the 

■ ; bond;, . r ;j .v ; -t^ r q - t - t - v ^ , -r r . ., ■■ 

Fig$ r> . ffi pd ,4B^ show details of the mandrel 
.3 0,, and mandrel, cap 120 (not shown for clarity in Fig. 
30 1) - Mandrel 30 ,ha$ passage. 36^ extending throughout its 
.length to convey strand, 32 inside mandrel 30. Carriers 
.134 and 136 also are conveyed through passage 36. At 
the unsupported end\pf r mandrel 30 are pulleys 144, 146 
and 148 that guide, the. strand^ and carriers from passage 
..,35 36 to the outside ridges 40 f 142, apd 150 of the 

. Pi mandrel .30 respectively. A low friction curved surface 
may also act as. a. guide for the strand and carriers. 
Cap 120 is attached to the end of mandrel 3 0 to assist 
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in guiding the" stir^nd And carrie^ r alo^ig l:he' ridges and 
to provide 1 'a J ^ fefrouldfef ; 152 tt> 7 i£fhit^^ny M tendency for the 
yarn 20 to 1 ' nioV^ ' tbWar^" the xihsuppof ted end- of the 
mandrel* \ * pkirtituia^^ durihg" * £&oces^ upset:" 
5 r ; ' ~ ' Fig\ 4C sMdWs^hdw' thfe strar^'^ arid 1 yarn 20 

are arranged^ ofr'lriancfr'el WJ' TheK ridge 

" L has a 1 guide" sliirf ace 119^"thki^^nga%efe : the contour of the 
stramd to f sup^H' it' not 
: slip to either"' ^idV bf T tW iidie\ j:: Pbr the'M^htly 
10 elliptical '^ha^ shown for" strand , the surf ace 
119 of the ridge : is a slightly^ concave curved surface 
which also restrains the strand 1 frcJm lateral-movement 
during ultrasonic : ^tldihgv Sitich %e kWeTin this 
~ embc^nfent 'Ys a"' three^idkd- priSm/'the included angle 
15 ? 121" over ^WhictfWe : 2 0 r i ? ^ ] bfefttf is about 6D degrees. 
~ : The "yarn ' cdAform^ to th'e : mkndrel- and 'strand s : ihce it is 
:V waf>pBd : 'on ^he mandfei' uhder diight : tehWion taused by 
tensioner ^ and ^frTction dra§p Bi : conduit 2§i J < ; During 
bonding? °tKe ¥ros£-se£ti6fi Vf* the fetrind and^cfense 
20 portion 'oi the yarn bundle at^kched " thereto *may take on 
a shape defined by ~ the surfad£' df thd 'horn and anvil . 
For instance r in the ^pr6ce£i£ §ffc5wil in f ig; 1; the 
rectangular "strand §2 v ii'^M^B^Ud 'by 3 the anvil 30 
having a Slightly concave sxitfide °ll9 ' as 'seen in Fig. 
25 C 4C; ;: and the yarn~is £^ieZ£d { 1& z i horn 42 with a flat 
surface 117 . " The result is sSerrSIn* the ? crbss^sections 
of the strand 32 and dense portion 62 in Figs. 2B and 
' 2C. when a^ strand having k Mund cross-section was fed 
* ? into the process of Pig. 1 and 'a good" bond ~ wa's 

3 0 J " produced^ " it resulted in Nearly the" same 1 cross -section 
; ■ ' ? ' shape of strand and dense'' port ion ' found iri Figs. 2B and 
""2C; 'the initial round shape' of the strand was no 
" longer evident ana the" strand ahd dense portion of yarn 
haci taken on a* rectangular shape' cross-section. 
35 : Fig. 7 shows a- method to make carpet using 

the tuftstring of tne invehtioAf: A drum 78 is set up 
for rotation with a backing material 80 attached, for 
in a^m ce , by clamping the ends 82 and 84 of the backing 
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in a slot 86 in the jirum.. , The surf ace 87 x>f the 
_ bapking^ facing, outwit would J^e coatpd with t an adhesive 
.coating, such as a , thermoplastic adhesive. ■_. A block 88 
is set to travers^ alp^g ttye rotational .axis of the 
5 drum and carry, . .tuf.t string guide,. 90 v and ,a heating 
meahs 92 to locally soften the thermoplastic adhesive 
just before or coincident with contact with the 
tuftstring; spch heating means may be a hot air jet, 
radiant heater, flam^, or the like . - <The. uif tstring 45 

10 could be supplied from a reel 94 or directly from 

. mandrel 30 of^Fig. 1. As drum 80 is rotated clockwise, 
. ' the tuftstring is pulled, through t guide 90,- and heating 
means 92 locally^heat$ the ; adhesive surface s? on the 
backing 80. The, tuftstring .contacts the .hot .adhesive 
.15 and is bonded to ^th^ -^a,cking._ -Jhe LJ block ^slowly 

traverses along ^ the. drum axis and J.ays^downt a ^ spiral 
array of tuftstring ^o ; the- backing suyf ace , w with 
r ^ adjacent runs of v the f . spir^L closely spaced 39 the just- 
applied tuf tstring ,,lie$ ^lose, to the previously-applied 

20 tuftstring in the array to. define, a pile surface r 

structure. After the tuftstring has been traversed the 
length of the drum, axis , ^ the winding is .stopped, and 
the assembly of tuftstring and backing .is cut along the 
' drum axis, such as at line 96 where the two backinq 

25 ends come together at slot 86. . Jn vi t his .embodiment 

shown, only, the .tuftstring need be cut at 36 and the 
backing ends released to remove the assembly. . ■ The 
assembly can then be removed. J: rom. the drum .and laid 
flat to form a pile surf ace structure or carpet. The 

30 carpet product made by this method. has .the feature, that 
the adjacent rows of, tuftstring. come , from different 
elongated portions of the same ..tuftstring which 
eliminates yarn lot variations, within- the carpet . For 
instance, a carpet having about 3.3.pz/ft2 of yarn can 

35 be produced by first, making, a tuftstring^ from 2350 

denier, two strand, ply twisted yarn wrapped along the 
strand at 15 wraps/ inch ... and 3 5/8 ipch tuft length, and 
then mounting the tuftstring on the jpacjcing at a pitch 
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of tuf tstrings/inch. V^ry little yarn is wasted* 
slice mos" uf tiie yarn p.^jears abovV the strand. For 
instance, with a 0.0^5 intrh 'wiife Istrand; the length of 
'wasted 1 ' yarn is oily chat* 1 whlcfa Ts' wrapped around the 
5 strand, which lior this e&kmple 6 iV about* 1/16' inch out 
of a bundle iengch of 2i/l6 V inciiV or' about 4 . 7% . This 
makes mere ef licient use" 6f 1 the yarh^ compared to a 
conditional eufLed carjp4t° tTia^'tor this"* case would' 
have about 14* oi che ; ya'fri^ belouT tfte^ backing . 

10 Other means of ,!i mA^ih^" a 5 £uft string carpet 

structure are possible*; F6r instance," a^thermoplastic 
backing may be provided "irtd ''the tuftstrihg attached 
using an ultrasoirfc l56 : nding J 'processV" ^plurality of 
groups of tuf tstrings can 'be ^spirally W(§un5*"6n a drum 

15 simultaneously ^and^f^afri^ed^to J come togetKer laterally 
and circumf erenticrlly ttt 5oTfijpiet:e' J the 'carpet ^in only a 
few revolutions : ^of "the 1 drUmf n AflefnativielV^a complete 
carpet wide "array -bf tuf t'strings can be ' arranged to be 
attached to ""a cbntlChli'ou^ bacJcirig 'substrate a^s "a warp to 

10 make a 'continuous length r of ^carpet . "A plurality of 

single ultrasonic hdrns can be useel to fend "a plurality 
of tuftstrings at a" time" to the backing either from the 
cop siae of the backing or from the back side of the 
backing. Such' systems for making tuftstring carpets 

25 are described in copending Appirdaftion' Docket No. 6930, 
filed Augtist 10 r 1995 c ; entitled "Method and Apparatus 
for Making" a? Tuftstring ' "fcarpet '/ which "is" incorporated 
herein by reference r 

The bafcJcin^ substrate' useful^ in the^~ 

30 ultrasonic" process' i£~ preferably a composite fabric of 
nonwoven nylon "and fiberglass scrim as described in 
copending, coas£ignS'd U.S. 'Patent Application*" 
03/258,120, filed Juhe 10, l"S>94,*thfc disclosure of 
which is hereby incorporated herein by reference . 

35 Preferably, the composite fabric is a moisture stable 
backing substrate. The support strand is preferably a 
structure comprising a core of ' a multifilament bundle 
o£-£*i>eigjc.ss coated with a sheath of nylon surrounding 
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^ttye core to provide a ; moisture -stable, structural 
<T .... adhesive r sprang ajs r described in copending , coassigned 
U.S. Patent Application Serial ,No r . t 08/270 , 861 , filed 
. r July, 5 1.99.4., ■ tyf* disclosure of which is hereby 
, Incorporated; hsrefn, by. ref erence ; >; , _ ... . . 

* The tuftstring. carpet structure is preferably 

. a moisture, stable carpet, structure , as described in 

copending,, : coassigped p.S. Patent Application _ Docket 
^umb^r J^-fiej.q-A^ filed August 10, 1995 f entitled 
10 .Moisture Stable. Tuftstring : Carpet, the disclosure of 

whicj^ ±s hereby incorporated herein by reference. The 
multifilament yarns ,used as^ the tuft, yarns, or face 
yarna*., m^y y be, manuf ^actured by various methods known in 
fr the art.. .Jhe.se yajrns preferably contain filaments 
15 t , (fibers.) .prepared Irorn. s^nithetic thermoplastic polymers 
such, ^3 polyamidea, . polyesters, polyplef ins , and 
acrvlonitriles, and copolymers or blends thereof. 
Natural f i-besrs ,„ .such, as wool , may also be^ uspci . In a 
pi-pferrecj err^Cidiment , the put t yarps are ; solution -dyed 
20 Jiylpn y^rns whereat he pigments or dye.^ are_incorporated 
into the polymer melt or solution prior to, extruding 
t£e bleijd through . the spinneret . ^In a .carpet^ context, 
these. may also be referred to as pre-cjyed nylon yarns 
since the color is put in the yarn before the carpet is 
, 25 tufted qr otherwise , f o^med. , ^ _ ^ ^ ^ r 

Numer^s features of the tuftstring of the 
invention are uniqye and are , import ant when it is used 
to make a pile surface structure. Unique geometry 
features are reflected .in a. unique tuft distribution in 
30 a ^standa^d.. carpet .array mad^ f rom the tuftstring . ^ In a 
conventional^ residential ^carp^t ^ made ^ pi} a ^tufting 
machine, the yarn,; is threaded through huijdireds of 
equally spaced, needles, on a^eedl^ bar and the backing 
is. indexed past.* the needle bar in equal increments. 
35 When the backing is stopped, thg needles pierce the 

backinq and carry a loop of yarn through the , backing . 
The needles are then, .withdrawn and the yarn loop is 
left behind ^forming a, tuft, or the loop is cut forming 
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a cut " pile surface maSfe up of pair's of uidivj. ducJ. 
tufts. " A pbpular* arfccty 'yatifi ttiffcs in sacii a carpet 
is a* so-called "balancid"~ one wheire the 'needles are on 
1/16 inch spacing (§aglv and' thW ba^ki^g' is< indexed at 
5 i/10 inch increment's' '(stitcheV/incH)\ This~ p-roduces a 
10x10 array 6£~ needle holes or'lTobps of yarn. When the 
loops" are cut , ^he' individual \iS£t &rray becbmes 10x20. 
In the carpet industry, a 'tuft ' is" defined a^ the cut or 
uncut loops forming the face of a tufted or woven 

10 carpet*. It is desirable* to Tse" able' to "make this same 

tuft array using the turtstrin'^j of" thfe Invention. This 
is accomplished by the unique gebmetry 'described below 
which is present ed' ^nbrmaii zed " ; by "£xp"res'Sing 
dimensional features as a ratio to the free yarn bundle 

15 diameter. The yarn bundle diameter is a parameter that 
has a lot to do wWh the kbilit^V" of the -ya^ n to cover 
the floor in an efficient'' mariner v ," Especially 'fn a cut 
pile carpet construction. For Ire'peatabilfty ih 
measuring, the yarn bundle diameter the untensioned 

2 0 average diameter of a one inch "long straighte'rifed 

section o? yarn bundle remote' from cut J end£ to avoid 
the ambiguity that flaring of the cut ends may cause 
when i.iaking a measurement. The yarn kuftdle "diameter 
can be repeatably measured using 1 a rhietdscop'e \rith grid 

25 lines or an optical comparator, such as an * "Qualifier 
3 0" made by Opt i com. Figure XO shows a view of the 
yarn on the Qualifier 30. A one inch pi&c£ "Sf straight 
yarn with no cut end flare (which^may be 'straightened 
with very low tension that dbe£ hot appr^fci'Ibly compact 

30 the yarn) is placed on top"bf a flat blbck 'iBt located 
in the light path of the ^comparator J ' At a 2 Ox 
magnification, the sample 182' is aligned' ^itH'^a 
horizontal line 184 on the comparator screed that is 
passed through the peaks and valleys along the edge of 

35 the sample to define an average ecTge location. The 

line is moved to the opposite average edge of the yarn 
at position 166 and the distance moved 188 is recorded 
as- bihiL average "diameter" of tho one inch Ib'hg sample. 
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This may be repeated with several samples of the supply 
yarn tp further average; the I "diameter" . In -the case 
where there are different diameter bundles along the 
' s£and/ the bundle" diameter would be the average 
, 7 ' diameter' of' aW thV different; bundle diameters along a 
representative length where the 'pattern of different 
diameters . repeats .. ^ ^ 


20 


^^ ^VVrh ^Hi^ ntWtW Entio (P/D Ratio) 

10 " " ; -i-h>s describes 'the distance between adjacent 
' ' bundles 'of yarn ^ilch) iaid "along a length of support 
6 strand compared to tW yarn bundle diameter. The 
^unigu'e process' of' "the invention allows the product to 
- ' 'ha^e "a much denser distribution "of bundles along the 
15 Vtrini than otheV Elongated pYle 'articles taught in the 
art ^^Wfhen' the/ yarn Ts wound onto ;t he support strand 
J " ''there are at least ''three 'methods of "achieving a high 
Mj "density of bundles' "on "the 'strand: ' one 'is^to apply 
: "' '""enough tension to ' the yarn Bundle 'that the diameter 
necks down so, When "the necked 'down ''yarn's' ^are laid 
abutted'along the : strand, the "pifcfi is "less than the 
'free^ntensioned'bundle diameter Tanother is to wind 
"multiple layerVoi' yarn bundles on 'the 'strand; and a 
'third^'ira combination of the first two. -"it is 
"desirable; 'when "making a carpet 1 ' similar to the tufting 
' machine' 'carpet mentioned above! to use a p'itch of 1/20 

inch U0 bundles/inch) and a yarn with a diameter of 
■ ! about'' 6 ! 114 V ^This gives a" P>D £ ralio Of oVo5 - / 0 .114" - 
0 "44 . ' The highest'' P/D" ratio" thaS '' may ' mafce v ah 
acceptable low value" carpet would" &e 'p/D '= i?0 where 
the bundles art ' spaced 'at? a fi pitch'- equal to ; ' the bundle 
diameter!"' This "could bV mad'e c with' yarn's wrapped under 
low tension 'and" abutted along "tne 'strand-: ' ' The 
tuft string method invention teache's hdw t l o make 
tuf tstrings" with %'/p ratios less" than 5 1 . or" 
accordingly,'" 1 the' V/D ratio for the lv tuft string of the 
invention is f/D V l.O^br P W Preferably, the 

P/D ratio "is 'less' than V.V and mere" 1 preferably it is 
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less than 0.5. This invention makes possible a dense 
pile carpet without having to rely on flaring* of the 
cut tuft to get good coverage in a carpet made from 
elongated pile articles; desirable tuft definition and 
5 integrity are maintained. 

The P/D ratio can be further appreciated 
referring to Figures 12A and 12 B. the' bundles of yarn 
are shown on the far side of the strand 32 as tufts, 
such as 204a, 206a, and' 208a' and under the otrand 32 as 

10 dense portions of the bonded bundle, such as 204b. 

206b, and 208b. The pitch "P" of the bundles along the 
strand is best understood referring to Fig. 12A and 
looking at the abutted center- to-center spacing or 
pitch 210 betweesn the dense bonded portions of adjacent 

.15 bundles ; it is preferred to measure pitch here 

instead of at the end of the tuft since the tuft ends 
are somewhat free to move about. The diameter of the 
bundle "D" is represented by the distance across an 
untensioned bundle or diameter 75. The pitch may have 

20 to be averaged along a one inch length to get an 

representative number as soma local variations are to 
be expected. Figure 12B shqws how the pitch is 
determined when there are multiple layers of bundles 
atlong the strand and the dense portions of the bundle 
- 25 Jaonds may overlap one another. Bundle tufts, such as 
204a, 206a, 214a, and 215a are shown above strand 32 
and the overlapped dense portions of the bundle bonds 
for these bundles are shown b^low the strand 32, such 
as dense portions 204b, 206b, 214b, and 215b, 

.30. respectively. The pitch "P" ic the distance between 

.adjacent dense portions of bundles successively placed 
along the strand at pitch 210. Once again, the number 
of bundle bonds along a one inch section may need to be 
averaged to get a representative number for "P" . In 

3 5 the case where there are different diameter bundles 
along the straud, perhaps causing the pitch to vary 
considerably, the pitch would be an average represented 
by-^he reciprocal of the n"/r* ar of bundles per a 
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representative length where the pattern of different 
_ diameters, repeats , r L , 

^p pnrt .g^r^ y ^ ^/Rnndle Diameter Ratio (W/D Rat i o) 

c The width of. the support strand is an 

, J : import apt parameter .in^the invention for the following 
\, /, re asons;.. ,i) if it. is too wide it may be seen between 
.,.the/tuf?s 'qij„ a single" tuftstring "which is undesirable 
^tk a carpet structure,. 2J if it is top wide it may 
10 cause tfcte spacing between adjacent tuftstrings to be 
excessive when making a pile surface structure so a 
dense array of yarn tuf ts. in, a carpet, cannot be 
achieved, 3). if it is too. narrow, the area for bonding 
the yarn bundle tothe strand surface may^ be too small 
15 for a repeat able strong bond and the tuftstring may be 
difficult, to handle for bonding, to a yarn bundle or to 
a, carpet backing^ The. tuftstring method invention 
' .... teaches, how to .attach yarn bundles reliably to a narrow 
support strand. r The strand width for the tuftstring of 
20 the invention is accordingly less than the average yarn 
bundle diameter, or W/D <l.p. which can also be stated 
as W < D ... For instance^ for a strand width of 0.055" 
and. a T bundle- diameter of 0.114", the W/D ratio is 0,48. 
Preferably, the ^ratio W/D is less than 0.7 for good 
25 hiding of the. st^r^d and close placement of adjacent 
tuftstrings , . in. a p4.1e, surface structure. More 
preferably, the W/D ratio is less £.han 0.5. A strand 
width of 0.032, giving a W/D ra^o^of 0.28, has also 
.bee 4 c* founcj to work well. . y ^ ,^ jA 
30 . The W/D ratio may be further understood 

referring to Fig. 2^ where the strand width "W" is 
shown as t 74 and the distance across the yarn bundle or 
diameter W D" is shown as 75. .. , , ^ 

35. ^ pt^ttd Ar f n/fitmdle Area Ratio fArVAb Ratio) : 

In some, cases a W/D rat^o greater than 1.0 
may provide a good. pile,surf ace structure where, for 
instance, a small diameter yarn bundle is wrapped in 
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multiple layers around the support strand ; d&ring 
forming to proviae a small P/D' ratio and compensate for 
not using a large bundle of yarn. Conversely, a P/D 
ratio greater '*tiian^rVB'' v may pr6vi^fe f ^ a ^6^d v piie surface 
5 structure where a "large diameter yaifn bundle is spaced 
along a harrow" support strand to provide a ~ small W/D 
ratio; to* compensate, adjacent tuft Strings^ Could be 
located closely^ together in" the 'carpet so che spaced 
yarn bundles are nested together. In these caues, the 
10 tuftstring of the invention can be designed by using a 
As/Ab ratio where the projected area of a unit length 
of support strand is compared to the sum of the areas 
of the cut yam fcvnctie ends attacned along that unit 
length. For a loop pile, resume the pro j ected area is 
15 the sptm as if the yarn was ^ut as in a cut pile. For 
a v.uftstvlng with a variety o/: yarn diameters along a 
length, calculate the total area t>y adding the areas 
for all the different tuft diameters along tne length, 
otrand area, As = Vi x L 
20 Yarn area, Ab = araa of 1 tuft end dia x # 

single tucts along length L 

= (vc D 2 /4) x 2 (L/P) 
As/Ab = (W x L)/[(7i D*/4) x U(L/P)] 
= W x 2P/ U D 2 ) 
25 = 2/n (P/D) 

if W/D and P/D coth approach a limit of 1.0, 
then: 

as 'V^ <2/n or 0 . 64 

As/Ab '-q lal to 0.64 represents the case where 
30 the support str?.nd is /ide ana the pitch of bundles on 
the strand is large/ 2 e. "here are few bundles per 
unit length. For a case wh<ire there are 20 
bundles/ inch of a 0.114" diameter bundle attached to a 
0.055" wide strand, the As/Ab ratio is 0.19. 
35 Preferably, Ao/Ab is less than 0.3, and most preferably 
it is less tnan 0.2 for c* tuftstring for making a high 
value carpet with a dense pile surface where the low 
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area of the support stpand cannot be - seen r .rhrough the 
. £igh ar^a pf ,tuf trends . _ i r 

. f f - v, : - ; f The As/Ab ^atio may be further understood 

_ T jtreferrinp . to,F3.g. 3 2A where the strand, width "W M is 
1;1 5 shown, at ,74. ; The bundle pitch "P" is .-shown at 210, the 
yarn bundle diameter "D" is shown at 75, and the unit 
u , length H L." along )- } %he , strand is , shown at 77. 
. , ^ F,igure ; . 13 graphically describe^, the use of 

the area, ratio , to- design one, embodiment of the 
10 tuftstring of.. the invention. Solving the 4 equation 
.. .♦ As/Ab « 2/n, ,(W/D) t iP/D), for P/D, results in the 
following : . , ; , k ■< _ } ;t 

. P/D .= (7r/2), n (As/Ab)/(W/D)L ?: . = r , . , 

. , r for, As/Ab 2/7i, P/D, =,1/ (W/D y . , 
15: L . •. , - ; Graphing this equation with P/D on the 
> - vertical. axis and, W/D, on s the, horizontal axis -produces 
„ , ^ rf-he. graph , of Fig,. . 13 , . . For the. embodiment of the 

, tuftstring of ,-the invent ion, where As/Ab < 2,/pi, the 
values of P/D and W/D will, fall below the curve 216 in 
20 , : the shaded. area 219. r The graph shows . that ( a high value 
- f . : r ^for P/D can he. compensated for by a .correspondingly low 
val,ye fpr,. W/D that will allow more tuf tstrings/inch to 
be. arranged in, th.e. carpet ; alsp a high value for W/D 
/ ^ - can be compensated, f or by a correspondingly low value 
25 * for P/D; where . therje are, more tufts/inch along the 
strand. For most ,carpet constructions, P/D would 
ordinarily not. exceed 2.0, and, W/D wpuld ngt exceed 4.0 
shown- by dashed; lines 220 aad 222 . respectively , most 
, .preferably P/D, an<? ,W/D : wpyl^jio^ e^qe^d ^UCK.. There may 
30 r also be t .spme ,very^Jpw . limits £pr r P/D an$ .W/p :% where the 
narrow strand^ yfdt^ would be difficult $0-^ handle or 
multiple layers ..of, small diameter yarn would be 
diffiqult to handle; -suclv limits have not yet been , 
identified, however, The. data ppint 224 shows As/Ab = 
35 0.19 as previously discussed for. a high value carpet. 
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frangible Tuft Stranger. 

This feature the tuftstririg of the 
invention, as already discussed, : may be useful for 
producing ci • iaildaie" carpet 'structure- whete the bond 
5 of r.ne bundle to the strand cah be tailored 1 60 that the 
puJ lout strength oi a singl^tfcft is°l'ess than the 
strength oi a bundle of filaments'" be fore- bonding. This 
" allows* the tuft pullocc f orce s £b-be adjusted so the 
cuft fails belore the tu££stririg : structure pulls away 

10 from the carpet backing ." "At^ the low ' end, the tuft 

puliout force should exceed the 'normal requirements for 
carpet usage established by HUD (Housing and Urban 
Development pfoduct standards for carpet) and ASTM 
(American Society for TeStirig^and Materials) . It is 

15 also desirable "■■that' thS ' ^lilloiit^St^ength of a sihgle 

tuft is less than the bohd w s£rength i0 fbr^ the* yarn bundle 
so the bundle- does not separate 1 frdm fV the"- strand thereby 
removing t^o tufts from the Carpet this is ; a unique 
feature that^allbws : '■ ' l) J the°1;ftfts ; tcrVithst&nd normal 

20 wear "and Tear, and 2) minimi ze£ 5 the' darhage^ caused by 
unusual forces pulling bn^'tlie v&f Vsr Iti' conventional 
cut pile carpets' made on k t&fti'ng machine, excess 
fdrce on a single tuf t causeV a n buf&TeV which includes 
two tuftfe, to puliout : - with" the" frangible tuft feature 

25 of the invention/' e*£ess^ fotcre ; on~ £ Single tuft -may 

only cause that' "brie tuft to piiTlout; thereby' minimizing 
the dcimagd to" the carpet. - f I*r pile surf ace Structures 
where this' feature is nor, tfeisxitSblefi the bond can be 
tai?.Cre<3 "iuing nhes process of the invention* so the tuft 

30 scren^ch is increased co equal or exceed the bundle 

b^nd dtrangch, but still 1^3^ than the strength of 
the bundle; fiiamencs oerore bonding. To summarize: 
TUFT STRENGTH < YARN STRENGTH 
prefer: MIN PULLOUT < TUFT STRENGTH < BOND 

3 5 STRENGTH 

Vhe frangible tuft strength may be further 
understood referring to the discussion of Figs. 8A, 8B, 
- a n^ 1 0 C. 
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Tnff n<ntr<hntion Tn Carpet „ r _. - , 

The carpet made using the tuftstring of the 
invention has a; unique distribution of tufts when 
"5 examined at the' baW of " the tufts next to r ^he ^carpet 
<Lr backing, or ".next"' to the support strand, i^ the case of 
the t tuf t ^t- rin| r . / .Jig . * 11A represents ; the .base of the 
tufts of "a tuf ting-machine-niade cut pile carpet and 
shows'the ' distribution "of tufts in one square .inch of 
lb " ' backing^ ' . The* bases' of the' tufts at the top surface of 
- Vl - -r • tne, backing are represented by circles 190. Note that 
they appear .distributed as pairs since there are two 
' ' tufts " in every needle 'hole "in the backing . The pairs 
' are 'arranged in a .'.10x10 >rray with ^spaces 19.2, .and 194 
' is"' ' between ' the ^airs^of 'tufts in 'the x'.and^Y directions 
' respectively" to provide a 10^20, a array,. of, Individual 
' tufts/ . Fig V llB^repre^^ of a 

" ' f carpet 'shown in'^FiJ? ' 7 made, from ^uf ^string of the 

' ' Invent^ 'where P/D ^1 . 0 and, ^^stxings ; are laid 
20 . dJwn°five to the inch ^at a spac^Ug^. Fig. 11B shows 
"'" " the 'same 10x2 0 distribution of i "ind^vi^dual. tufts in one 

square inch of backing 'as F.ig^ 11A,. but with a 
'" ; '" ' distribution '.of tut *s different .from the ^conventional 
' ' carpet," i.e.' rows 'spaced in the X direction only, 
25 versus pairs" Spaced in f both 'the X and Y directions. 
The bases of trie" tufts at the top surface of the 
support strand ^are" represented ' by circles 198. The 
tufts appear as^n array of' abutted rows of tufts in 
j ' the Y direction separated 'in the X direction by spaces 
" 30 ' 200 1 and"' 202 between the tuf ts 'on the support , ^st rand and 
i: between tuft strings respectively." ^ There .is, NO SPACE 
''between ^the abutted tufts in the Y direction since P/D 
'< 1.0, i.e. the 'pitch of the tufts, is less than the 
diameter of the 'tufts. This is a unique distribution 
3 5 not possible with tuf t ing-machine-m'ade carpet r since the 
needles' always must penetrate the ^backing at spaced 
apart positions which do not intersect . Suph^ a unique 
'- J distribution may 'result' in a better concealing of the 
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i'.* • ..ing with the i ufcs, especially when the pile 
surface structu^ is"iM£ 6Se^^^ in the y 

direction. " 7£s; ' " i;tr v - lir 

Figs^'SA' eijrougft £fr illustrate four' different 
5 hackings J § 9a, "'99b ,^59£ and'll^ useful f or X assembfy with 
elongated pile artrcles^to makefile surrace 
structures;'" such "as "carpets, "especially "cut 'pile 

datp,et ^ ' Elo ^ i "l;' - J £ac&.rigs may resemble the hook 
assemblies useful iri hoo^ibop" type" fasteners such as 
10 are described in til's:' 'Patentee-. 4? 775, 310" to Fischer 
incorporated herein lay" reference .\' For" instance , Fig. 
BA shows backing 9^9a compfrsihg^ substrate 100a with 
projecting portions 102a h'avirig overhanging portions 
104a for engaging the "support %t rand of t'tie '"elongated 
15 pile article . "I'he projecting' portions are "arranged on 
the planar substrate in a uniform array in the X and Y 
directions wh^ere the spacing 103 and ~105 between the 
projections ' "(Fig? lScf is a§3uV the^ same in both 
directions,' and that spacing is wide enough to accept 
20 an elongated pile article, 'such as the elongated pile 
article of the invention. "" 

Figs. 6A-6D show end "views "of the elongated 
pile article of the invention (tuftstring)"' inserted in 
the backings of Figs. 5A-5D/ respectively. ^ Tuftstring 
25 45 is pressed between adjacent projecting"' portions" 102a 
unt A^ th ? ^ strand , 32 ' 3 s between the overhanging portions 
104^ and ttie substrate 100a. " ^The projecting' portions 
are spaced far enough apart to accept, with reasonable 
?° rce ' ^ e stra nd with the bundle 'bent around i t ; and 
3b close enough" together' to securely hold the strand and 

bundle assembly VgainsV accidental removal forces. The 
spacing is also such that other "tuftstring assemblies 
when placed between ad jacent projecting portions form a 
continuous pile surface structure having uniform tuft 
35 distribution throughout the surface. 'The projecting 
portions 102k are flexible to aid insertion of the 
tuftstring assembly. The overhanging portions 104a are 
designed to engage the tuftstring assembly to rc?i3t 
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. j removal. , The substrate, projecting portions and 
.* r qyerhanging. portions^,. A.,e. , ^he, packing, are preferably 
made from the iame materials ; which are the, same as the 
yarn. and straff or low ,cpst,recycling, and are 
5 preferably molded^as a single .part ,. The .substrate , 
, . ^such as 100a, >is a p (f e|erably stiff enough, to prevent 
undesired stretching of the pile surface structure 
... . , during handling^^-.Th^ backing may^ be assembled with the 
.tuftstr^r^^befpff.^tlxe. backing, is mounted^ tp ; a floor or 
10 wall surface, , or, ; the backing may first be mounted to 

the f loor/wall, surface .apd the. tuftstring assembled in- 
jsity . 3 If the backing, i_s permanently, attached to the 
. " floor ,^the . .ae^d^o* it £ rqnv. .the ; same material as 

the, tufistria^^sembly is less, Amportknt since it 
15 **ou^.aot be 3 'reeled, with t .he > .tuft string. ^ The ^ 
^ "tuftsoring may^bje, placed in the, array of projecting 

portions^ suc^ l.Q2a, >n a. variety of . direct ions 
m .. since, .in, the of Fig. ,5V the overhanging portions 

. .. extend, frc^ t;he .projecting .pprtipns^ in all. directions . 
20 Depending on the spacing of the : projecting portions and 
., . the; iflexib^iijY, of^ the strand used in the tuftstring, 
X " ... lengths of. ^t s^yig' . tr«y be arranged in a curved array 
on,the backi^,^ diagonal array , or an orthogonal 
. ' -array^to cr^| different Resigns with/different 

25 ; co^red^ ?s r. . 9bt , 0 ^ ^ 

Fia 9. shows a modified version of , Tig. 1 

.. t ,.where the mapd^^O .is jhowa q orieated verily by 
j , mandrel , suppgrt ,2 9,^^ ^upport^stra^s ^2a^32b and 
3,2c ar^fed^Q.a^ three ridges^O, ^and^SOof 
30 mandrel^O,,, .One^or. several ; yarn lengths, such as^Oa, 
20b and i§C r are .wrapped around^the mandrel fed from 
guide 2 6 V ,. Ultrasonic horns. 42a, 42b and 42c are 
mounted around t^e .mandrel pressing against the yarn on 
ridges 40, 150 a^d ^142; respectively, ^ bond the yarn 
35 to support strands 32a, 32b and 32c, Cutter 4.4a cuts 
the yarn so it can be released frorr^the mandrel as an 
array 130 of three strands and_ the connected yarn. 
". Auxiliary' '^^^J^. 44c further _ cut ^^he array to 
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form^tfifeSe elongated pile articles I tuf t.strin^s) ^5^* 
451a and 45j~ which" ire ' shown oe.xnu wound tcgexncr on 
windup' 41 .' Such an'' Arrangement increases the 
productivity of the "process ol Fig. 1. Ouher 
5' variations ar£ possible to produce even iTio.ve 

tuf tst'ringS by chaftging the riniin'drel to include i^ore 

ficlges. ' ' - " ' ' 

, \ , -' . .i ....... , , . _ _ _ , . ... 

~ ' A* means for taking foul tuftstrings at a time 
is to wrap the yarn onto a' se^air: mandrel having 

10 grooves on' ridged on each of the four' corners of the 
mandrel. Two ultrasonic norns can be used with each 
horn Bonding two strands at a time to the yarn .by 
providing^' two * angled surfaces on each' horn that contact 
the yarn and strands oh twb ridges of the square 

15 mandrel simultaneously. The mandrels would include 

bedknives that have circular blades urged againut them 
to cut the yarns between the ridges while the 
tuftstrings remain on the mandrel .Such a syster, is 
disclosed In the aforementioned copending application, 

20 Docket No. RD-6980. - : 

The yarn used in the elongated' pile article 
is a multifilament strand wtere the filaments are 
"connected" to 'one another. ' The filaments may be 
twisted at a lovel of at least about 1 turn/inch to 

25 provide filament crossovers t ha o enhance 'bonding 

(especially ultrasonic bonding) f or the filaments may 
be entangled to provide crossovers . The yarn may 
coiMpris-s two Oi. more strands c>: mult if ilaments that are 
oly-t^iscsd together. The ply- twist Ing^may be a "true" 

3C S or Z strr.nd and ply twist or a reverse twist where 

the. S and Z strand and ply "wise alternate and there is 
a bond in the ply and strand twist reversal. 
Preferably the reverse twisted yarn has a bond in the: 
plied yarn before reversing the twist as described in 

35 US Patent No. 5,012,636. The yarn is preferably made 
from a thermoplastic polymer having the same 
composition as the strand so the yarn and strand can be 
bond-ad- without the use oi: adhis*\vas. The yarn is 
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preferably made from crimped, bulky, hea<te-txeated 
' filaments commonly^ . us^cL a^. carpet .yarns . The filaments 
of the yarn may hftve a.y^ri^ty. of f cross-sections which 
may' be hollpw/and contf i$ r a9tis£atiG r agents or the 
5" like'. ~" The yarn may hav§ ,a finish .applied that aids in 

ultrasonic bon.ding . ^The_ yarn is, ; p3refepabiy ( c.a nylon 
' polymer. The yarn may be , | c p.oly (a^l^thetketone) or a 
polyaramid of meta-arami4 -£hat is, bondable with 
solvents, ultrasonics, or heat... ,< . t - t"- 
10 " * strand useful, in : the elongated: pile 

article "may have a variety of cro ( ss-sectional shapes, 
such as square, rectangular,, elliptical, oblong, round, 
* triangular, multi-lobal, flat ribbon- like r , etc. The 
strand must be bondable tp ^e yap and have sufficient 
15 elongational stab^iity^so the^ bonds* are npt v over-. 

stressed due to^tretching of th<* t st.?;and. The strand 

"must provide sufficient stability .. to t,he article that 

. . -, f -v [ ! - ow :; & >•< i T J~ - ' - *- c - - * 

k 'it* can'Be handled for its, intended use, such as 

;r* • - .s t ... . 1. — ? ~> - T - - " ' 

attachment to a backing substrate ^ ;TJ*e strand may be a 

"20 4 monofilament, a conjposite structure, she^th/core" 
structure, a reinforced structiare.,^ or v a twisted 
multifilament structure. The atrand is. preferably made 
from a thermoplastic polymer having the same 
composition as the attached yarn so, tjhe yarn and strand 

25' can be' bonded without use, of adhesives. .Thec^trand is 
preferably a polymer having a molecular , s t tru££ure 
oriented in the elongated direction, c and having a low 
dimensional change in the direction of .orientation due 
to moisture gain or l<pss or^modes^ temperature v changes . 

30 The support strand is preferably ^ nylgjn pqiymer, such 
ks Hyten® made by E. I. du Pont de t Nemours^ and- 
Company. ^ ^ - - . _ 

The aspect ratio (height/width) of ;the strand 
should be less than 1 so the ,tuf tstring is stable and 

3 5 will not tend to tip over when mounted in a carpet- and 
subjected to heavy loading due.tp furniture or high 
heeled shoes. Also, in the ultrasonic bonding process, 
thick strand may absQrb, more energy than a thin 
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s;:r.-ad so r.ne ultrasonic process is less efficient". 
The thickness of the strand 'should not be so thin, 
however, that it becomes difficult to handle in 
subsequent processing steps needed to make "a carpet. 
5 For instance; with the backings ^Hown in Figs . 5A-5D, 
some eciffriese -is required in "the'strand "to permit it 
to be forced between the overhanging portions attached 
to the projecting portions. An aspect 'ratio, of between 
.1 and 1.0 should work well for a strand 'used in the 
1C invention. A 56 mils wide' strand "that is 19 mils 
thick, giving an aspect ratio of" 0.34, worked well 
assembled in a carpet sample made with, the tuftstring 
of the invention. 

Th^i-e ctre alternate embodiments^ of , the 
15 invention for making loop pile* "elongated" pile articles 
or a single unit elongated pile article . Figure 14B 
^ -.shows the cross • section' of'' a" two- loop elongated pile 
article 230 that has three support strands .231, 232, 
and 234 and a plurality of bundles of yarn,, such as 
20 bundle 236 arranged in two loops 238 and 240. This 
article 230 can be combined' on "a backing with other 
two- loop articles to make a pile surface structure '-.hat 
has a loop pile surface. The tvc-loop article 230 can 
be made oi>. a hollow mandrel shown in cross -sect ion in 
25 Fig. 14A. The yarn 20 is fed :::.om a supply and wrapped 
around mandrel 242 which guide., support strards 231, 
232, and 234 «*long ridges 2<"4, 246 and 246 
respectively, similar to :.h,5 w ;tt.m i;i Fig. 1. The 
yarn is to be bonded to e.j.1 three strands at the 
30 iidgc-s, and then cue at position 250 between strands 
231 and 23* to remove the .*rr.pp v id y- a rn from the 
mandrel. To form the art.'.cie 23 0, the strands 231 and 
234 are reoriented to ba aligned with strand 232 by 
bending the connecting yarns into loops as shown in 
35 Fig. 14B. 

Another embodiment of the elongated pile 
article of the invention for making a one-loop pile 
ar;iicii 252 is shown in Fig. isb, where there are tv>o 
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support strands. 2 54 a lt and 2.54b,. made from halves of what 
; was originally a.s.inglfi strand 254 , . connected by a loop 
256; of yarn, bundle, ,255. Similarly, this one-loop 
article can be. combined on a backing with other one- 
5 -loop, articles 2 52^ ot.JCwo-Iood articles 230, to make a 
.. ... , pile' -surface stru£;JreJ that has a loop pile surface. 
The one- loop artyLcl^ ^52 can be made pn a hollow 
.. mandrel 258 shpwn, in. cross-section in, F ? ig 15A, The 
yarn , 20 is wrapped, around mandrel 258 which guides 
10, support strand 254. ^nV carrier strand 260 along ridges 
262 and 264 respectively, ^similar to the system in Fig. 
. The yam is to. be bonde.d only to strand 254 on 
V. ridge .262,, and then., cut at position 266, thereby 
, \severing'' ; the Jwnded^a.91 and the strand 254 allowing 
15 ,.. the article 2S2,.t$ 4$ : separated from ,the mandrel. This 
.divides.'strand"' 25>~ ...into equal strands 254a and 2 54b 
„ which remain qo^.e.ctec| .by yarn bundle ^2 55 , The. strands 

254a and 254b may -be 'spaced apart as shown in . Fig. 15B 
",when.mo.unting th.em Eo .a.backing to form. a..looj3 pile 

20 r , surf ace ( . ; ( , . . : • ■.■>.*■■';. '1 ■ 

. Still another embodiment of the elongated 

pile r article^, of, "the" invention is a "cut pi.le version of 
.", ." the- one -loop article 252 shown in Fig. 15C where the 

r lpop of Fig..l5B. d is cut at position 268, thereby 
25 - producing^ pair pf^ one-tuft cut pile articles ;*270a . and 
..." 270b- having ^plura^ity of bundles paving tufts, such 
as 255a and 2 5 5b! bonded to support strands 254a and 

'. 254b respectively f T The. se . mav . be a ar | a . n ^ ed ? n a .. backin 9 
, as shown , in. : Fig, , '. U?- to make a pile , surface ^ structure 
30 . with a. cut p^ surface that , can .have ^a preferential 
, -grain" ...to the, tufts' for .special effects and which may 
be preferred firhiding the strands. 254a and 254b from 
direct overhead view, This one -tuft, form of the 
invention defines the basic "building, block" of the 
35, elongated pile article of. the invention which comprises 
r a strand having a plurality of bundles of filaments 
secured at a location ,on the perimeter of the strand, 
'\ . ^ with each bundle., having a tuft extending outwardly from 
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the strand and forming an r ng'le" with* a ?: ref erence plane 
tangent to the location, and each bundle having c. dense 
portion wncre che filaments are ^bonded' together and are 
bonded to the strand ac the 1 beat ion / /V: - ' 
5 Another embodiment fuSrWkxrig Toop ^pile ^ 

tuftstring is schematically shO^^n^'Fig;"^ tfhtere the 
pile yarn .10 is looped afrd pl^eti ^Ver' tHe^^stfand 32. 
The loops* .vould be bene at an' arifcfle' dver 'the strand, 
and the loops and yarn w6*uld ' b^^a'ssed ^ridei^'an 

10 ultrasonic horn that would bond* the *i3eht -yarrT to the 
strand where the loop.s cfoss trie^strahd. 17 This would 
produce the loop pile tuftstring ^stihactrufe : in Fig. 20 
having upstanding loop tuf ts ^'botli sfdes "of the 
strand, such as the "0" shapecJ bundle 1 \h'at forms a pair 

15 of loops 300 and 3C2, on the i'igtftr arid r lef t sides of 
strand 22 , respectively. " The *ydfcrrt' lT at the base- of the 
W U" shaped, upstanding loop. ~^€^f€s : 'would "have ^ the same 
characteristics as the cut pile' ^tuftstring structures 
described above, such as the £8fripa6'ted region 1 of 

2 0 multifilaments that has a dense portion with - the 

filaments bonded together, ahd^opposed side portions 
with the surface filaments set J aif°acute "angled to a 
reference plane at tfte base bf^llh^ tufts'? ' 'in the cut 
pile tuftstring, the bundle Was^ defined by the U-shaped 
25 length of ^arn between the -ut e&Ss bf * v two' connected 
tufts. In the case with loof^^iie^w^re' there* are no 
cut ends, the bvndle is def iifiLd^a'S'^ the b tf- shaped length 
of y<*vrn co?ipri^ing two se'quentiitlly formed loops that 
have the support strand at taiched^ intermediate' the 

3 0 loops. !.-->■/: instance, tv;o sequential loops are' formed 

as th^ yam is wrapped one revolution' around a loop 
foxioing e'evice such as the fork - Cussed below. 

The pile yarn used to make thk loop pile 
article of Fig. 20 may be a staple yarn or a ply 
3 5 twisted yarn or an entangled yarn or a continuous 

filament twisted yarn. If a twisted yarn is used that 
is twisted with several turns per inch, the yam in the 
cwo ieg s of a single loop may ply together and reduce 
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the twist energy in ; .the yarn. Such a "plied .loop" 

structure would look like Fig., 22 where the tufts 326 

, .-3;.-; • : • v> L-i ' * - r-.-r;- /. :. . '■: : . . / ; :■ 

and 328 would appear as ^cut pile tufts, but with a 

.small loop,, such as 330, at the. top of the tuft instead 

5 of a cut, end. .^^ _ _ _ . , .. ^ _ r . .. 

* Fig. ,21 shows one means for making the loop 

piXe tuf tstring _.qf Fig. 20. This apparatus is a 

variation of the apparatus of Fig. .1; like reference 

numerals are used r where appropriate,^ One d.if f eirence is 

10 that, there : i3 T a fqrk 304 with a shaft / 306. that is 

supported by a rotating bearing 3 08 that is attached to 

hollow ..guide conduit 26; the rotary bearing also 

restrains the fork against axial movement. The fork 

.304 has prongs „3 10 and 312 that extendi pn either side 

15 of mandrel 3 0 1 _and provide supports for the yarn 20 

that is wound onto the fork as loops 313 when conduit 

26 rotates and feeds yarn from the .conduit at 28. A 

ij.i '- ; cz v.or;.i5£..: " r rz-. * - 

support strand 32 ,is fed into the mandrel 3 0/ at the 

far end of the mandrel and is guided through passage 36 

20 and exits at 38. . The strand 32 is guided to the 

. , z z > ; ••• •; :. z r too ••; c- :>u '• " . • Z'z- - - •• 

outside of. the mandrel and along ridge t 40 . The prongs 

310 and 312 are close to the mandrel 30' and contact 

; v z,,\ .: ' ...-M ec\::' f r ' . . ■' ■ ^i: ": ■ r - 

movinq belts 314 and 316, respectively, that are guided 

v < • - ••• a zzis *:s. - . • .-. .- : z '■■ - . 

around pulleys, such as pulleys 318 and 320 that are 
25 rotatably supported by frame 322 .that may be attached 
to mandrel 30' or attached to an external support (not 
shown) . Contact of the prongs ^it*v the belts acts to 
prevent rotation of fork 304, or fork 304 could be 

. i J .1. ':' " "- Z'tr ". ^ r I TIG v "i" Z *- 7 . 1 7 ^ V. ' ZZj Z i 

magnetically couoled to rotary support 27 to. resist 
3 0 rotation; bent conduit 26 would pass^ through the 

magnetic field as it rotates without disturbing the 
magnetic coupling of the fork. , Buildup of" the yarn on 
the forks urges the yarn toward the belts 314 and 316 
that move to assist the travel of the loops of yarn 
35 alonq the fork toward the mandrel. The prongs of the 

fork could also converge slightly to assist^ the initial 
movement of the yarn loops along the fork. 
Alternatively, the prongs of the fork could be parallel 
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to "one another ancl *t He individual "'prongs "could be 
tapered from a frrst diameter where the yarn is wrapped 
on to a smaller second diamerer where the yarn leaves 
the "prbricfs "The' yarn sfioufcf also be' wound under some 
5 tension to cause contraction of the yarn on the 

converged or tapered prongs and assist this initial 
mbvVm^ prongs.' "As %lie loops J13* encounter 

the mandrel, xhey also contact the moving strand 32 

.3\VJ; e -0 . .^j^.i., :^7^s e^irw. beau v:>:s> al^ie-iLx, , . , 
that assists in moving the loops along the mandrel and 

10 under ultrasonic * Horn *42\ * Trie mandrel 30 r has a ramped 
surface J26 that guided the support strand 32 onto a 
grooved* surf aoe on ridge' 4 (J and into contact with the 
'yarn." 4 Prefer aifly'r the Horn \% is positioned along 
ridge 4 0' so the"' leading edge "4*2 a "bf the~'horn is over 

15 "'the" location wfifere the ramped' c sur f a ce^i'G 'meets the 

ridge 40 . "~ %'Kis bond's the* yarn "to 'tiie* strand as soon as 
possible after tney come together so the strand can 
assist" in positively propel! frig the yarn. The horn* 
'* bonds the A lc5ops of pile 'ya'rn "to "the surface ol£ the 

20 strand' i2 at about the midpoint of trie loops to provide 
two upstanding* loop "tufts X o£ 'equal length/ 'one on each 
side' of this' strand. After loops pass horn 4 2 , 

the loop tufts slide off the ends of fork prongs, 

such as' end '324 , and q t he fciif tstYirig~can L )Se "removed from 

25 the mandrel 3d 1 . 

It is also possible to form a pair of loops 

J :t ro;;;-:cT^^t ^o jerr ; • If 1 *'- - ■ 

where tlie loops are offset relative to the support 

strand 32 so the strand is bonded offset from" the 

midpoint' o£ v t}ie V 'f oops to create a Special effect loop 

3 0 pile tuftstrmg. In this case, referring to Fig. 23, 
'loop *3 0^' bn the fight 'side of tne strand would, for 
'instance, be shorter By distance 3 28 (and, therefore, 
at a lower "elevation) than loop ~302* on the left side 
of the strand 32. When this type tuftstring is 

35 attached 1 to a backing side-by-side with like 

tu^tstrihgs in a carpet t "the overall effect is similar 
to a cordurorv fabric'of sisal carpet style; there ire 
-^4 t»xn acing high and low rows of .loop pile tufts. Such 
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a hi- lo loop pile tuftstring structure caii ; made by 
^shifting the rotary support 27 slightly off alignment 

with the ridge 40 on, mandrel .30 ' in the direction of 
"arrpw 330. Sipftp the prongs .of the fork are ultimately 
5 attached xo support 27 (through .shaft ,306, bearing 308, 
fand ^conduit 26 )\, . this, will r move the,prong,s off 
alignment as well sp that now . one loop coming .of f the 
" . 'prongs will be longer that the c>ther of . the pair 

relative tc the ridge that guides support strand 32 and 
'l0 the yarn under the bonding horn 42, , Belts 314 and 316 
may also have to be shifted as well to stay in good 
contact ^with the yarn on the, prongs., : 

Means other than belt? 314 and -316 may be 
used to assist movement of the yarn along the fork 
15 prongs. The above-mentioned .yarn tension and 

convergence of the prongs may be sufficient means for 
some yarns and operating conditions. Other such means 
1 may be the incon>oration of screw .elements for the 
~ "prongs where the screws are rqtated_by gearing, to the 
20 shaft 306 and the rotating bearing 308. Still other 
means may be rotating brushes that gently engage the 
wrapped yarn on the prongs, or belts mounted within the 
mandrel that engage ] the wrapped yarn at the space 
C between the prongs and the mandrel ridge. 
25^'^ ■- - - • Although 1 the cut pile or single loop ^ 

tuf t string invention has been described as it is made 
on an automated device such as the device of Fig. 21, 
it is contemplated that the invention can also be made 
.by manual means or any other r suitable means.. For 
30 instance, "the yarn^can be wrapped by hand around a pair 
of parallel rods and laid across a ridge (edge), on a 
thin rectangular mandrel having a ^support strand taped 
along the ridge (similar to Fig. 18) . The rods would 
be placed on the sides of the mandrel, and the yarn 
3 5 would be bent over the ri'dge. An ultrasonic horn can 
be passed along ^ the yarn where it is bent over_the 
strand to bond the yarn to the strand. /The rods can 
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thefc ik- rfertibvfedi-anB' 1 the" idop pile tuft spring separated 
: -fr6m che ftiattdre5." " ■■^■■i-.--- < ' r : ■■' 

"The strand" is 'shown in the preferred position 
whibh u i^6^th^ inside°6f tSie *XJ« : shaped but~ the strand 
itxd A bhhhle^ can^aiso°I3e^attachea v w on the 

outside^bf b thS :: "^ 

arti6ii^sh6WA ih°Fig. 3X i ; T fo produce the Soop" pile 
a£ticl4 witK the strand' on" the^ outside " of "tKe "U" 


sha^d'buridie, a ^£fand^ 3^ iiv'Wg . ^21 woulc^ie a carrier 
10 strand, not bonded to" the^yarnV' and' a^siipport strand, 

such as that sftowil ~in~pfiantom at ; 32a, ' would be' provided 
and bonded td^hi'yirn as discussed "in ^ref erence to 
this altefnad<§ £mlic^imen£ o£ >ig? T for a cut 
tuftstring; - T ~ '~ ^' " 

15 " ""The method "just 'described using^a 'f o^k for 

making ^ loop "p^ used to make 

a' cut pile of ^a "cut and '"loop J p?fe*'tuf tstrtng' wfien means 
are provided for 'cutting "the pile "yarn loops, 5 ' such as 
while they are "'stiTl 'iJeing 'transported alortg^tHe 
20 prongs. If 'all of "the loops " are cut, a cut pile 

tuftstring results; if only some of the loops are cut, 
a cut and loop pile tuftstring results; One means for 
cutting would be to ~add an an^led^razor blade to the 
end of the prong after ' pulley"320 T.^so > as "each 'loop is 

25 transported along tffife prong arid^ over' the blade, it will 

, ; i - > v.- " ' r> .\ ^ &d ■ - •} x isvn . j ■ *r; - 

be cut by the blade. Alternatively, a slot could be 

provided in the prong or the mandrel opposite a rotary 

cutter similar to the slot 47 m the anvil 30 opposite 

"cutter 44 in'fig;"4B: The"" cutter "c'qiild be moved in or 

3 0 out of tiie slot '"tt? ""afternately cut and not cut the 

loops. 'The "cut '"could of the loop or 

not tor special pile height variations in the cut pile. 

There are other styling variations possible 
using the paired loop process and apparatus of the 

3 5 invention. Variations in the yarn fed to the process 
can prodvce some interesting tuftstring carpet styles. 
Since the yarn if "not cut as in a cut pile tuftstring, 
the .ififid yarn does not need to be consolidated to 
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-insure' cohesive ... bundles , of- yarn remain aff e^cutting 
.for-. good, tuft def>n?..tipiK ,, c F,or. ^oop .pile tuftstring, 
. yarn can be uspdwfcich has Qijly.been loosely entangled 
for. good:- hand^iBg^n .stripping off a q package and for 
guiding without snagging . - .Fox: instance,^ a single 
.entangled n^t^i^nt yarn ,strand A with a very low 
twist... level- prpdu^sr-a bulky- te3ctured h lpok. in a 
,1 tuftstring Joop,p41e carpet structure, particularly if 
~. /the* yarn, is, a -heather, types, yarn with .variegated color 
10 v pattern along . its , length ... A further, variation can be 
obtained. if,multiple- yarn strands. are L fed to ,the 
. wrapping conduit, whegre at. Least one of the strands has 
7 a diff<ere^t. appearances, than ,the.r*s.t , 0 L Jb^, different 

" 0 appearance, may be ic a, fc dif f erejit color, lust re, ^wist 
15 level , , e^tangl.e^ep^.spa^ce^- feather , a ply twist 
.. versus- -no .ply W^W^" £or. instance,, each 3 strand 
< ri , may, be, a .dif.fe*enfa cq3^ or one 

/-.put qf f £i*e grands may be ,a ^ferent^ color, pf 
^.^lutiq^-.dyedrya^ Asr the multipl^yar* grands are 
20 ,.w f appe<i« the, wrapping process .intrpd^ces,^ lw level of 
... \ /twist r tp the^.group *pf, multiple stxano> periodic 

hiding -of pne: R olc JC . t anji l3 then a. different .cqipr occurs 
in. the ; paired Jj lopps,of.,yarn to obtain a lo,pk. related to 
Z a heather, or spaoe.-dyed ¥ ar*. Jhis^can be ; achieved 
25 e . wi-thput going ^r^ugh >the ..additional, steps^ preparing 
the feed yarn required for a heather qt_ space^dyed 
ya^n. This. jLook. #1*. o results J.ri distinct color flashes 
. that l ,caj W pt-..be : ^iieyed with t&.J^Jfc%o^j^c*-dy*A 
. . w .feed yarns M ^her^variatiqns c^n^.e -c^em^lated by 
30 j3 those practicing.^e invention. ..Ano^^lp can be 
, j; .achieved, wheft usiAg^alternate, tjgLs^ pli^yarn as 
" ,^he f eedjyar*- to. the x paired loop process. . .In, this 
" case, a different ,look fc . is noticeable in the, loops 
v , depending on whether the loops contain S-ply or Z-ply 
35* yarn. Where the yarn contains. repe^tins segments of 
about 5 feet of S-ply and... 5 f eet -o.f ^-ply,, the loop 
pile tuftstring- has about 3 inches of ^ly loops 
followed by-aboyjV-3 inches, of Z-ply, loops : Where these 
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ci.;.- ..aid side-by-side to make a loop pile tuftstrirg 
carpet, a moire- cype pattern can be seen 'by the eye 
where the S-ply loops' periodically align with 1 adjacent 
S-piy loops and the 2'- ply loops periodically align with 
5 adjacent 2-ply loops. u ■ ^* - :r ' c> •' c *•>';. p 

Although the invention has bean described as 
it is made on an automated device' such as the-' device of 
Fig. 1 3 it is contemplated that the invention can also 
be made by manual means or any- other suitable means. 

10 For instance, in Figure 18 ; the yarn 20 can be wrapped 
by hand around a thin rectangular mandrel 232 having 
support strands 234 and 236 taped or otherwise held in 
place along ridges 263 and 290 respectively. After the 
yarn is in place, an ultrasonic horn 292 can be passed 

15 along the yarn, bent around ridges 233 and 290, to bond 
the yarn to strands 284 and 23o. The yarn can then be 
cut by a cutter 2 94 midway between the strands on both 
sides of the mandrel 282. In this way two tuftstring 
assemblies can be easily mada. If only a single 

20 tuftstring assembly is desired, the second strand is 
omitted along one zioge and Zh* yarn bundles are cut 
along that ridge, or the assembled yarn and strand are 
slid off the mandrel without cutting to form a loop 
pile tuftstring. The mandrel can have a length 296 

25 that is as wide as the carpet 'in which the tuftstring 
is to be used . 

To ?.ssist in wrapping the yarn, the mandrel 
may be mounted in a rotatablW chuck and the yarn 
traversed along the rotating mandrel . A lathe with a 

30 traversing crosshead may be usefully employed to so 
place the varn on the mandrel. In the most general 
sense, the product can also be made by bending one 
precut yarn bundle at a time over the edge of the 
mandrel and bonding the bundle so that the wrapping 

3 5 step is not required. The simplest method, tnen for 
making the elongated pile article of the invention 
compiis3s: c contacting an elongated support strand with 
a plural try of bundles of fiiciments at a location along 
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the perimeter of the strand; bending the bur^dlgs of 
filaments at f an. angle to a reference plane tangent to 
the;Lr locatipr^ along,, the. strand ;^ bonding the filaments 
to each other tC*. form a dense portion. in the bundle 
5 where "the filaments are bonded together and to the 
strand at the location along the strand. 
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Wnat: ifl clajjmad ia- 

1. A pile* article comprising; 

a support, strand; and a plurality of 
bundles of filaments, each bundle defining a pair of 
5 loop pile- forming tufts, each of said bundles having a 
dense portion of filaments bonded together and secured 
to said support strand; each of said bundles of 
filaments having a frangible portion adjacent the dense 
portion wherein the strength of the frangible portion 
10 is less than the strengtn of the bundle of filaments 
before bonding. 

2. A pile article compr\sing: 
a support strand; 

a plurality oi bundles of filaments each 
15 bundle defining a pair of loo? ^ile-forming tufts, the 
tufts in said pair bent at angle at a base and 
extending upwardly therefrom the tufLs defining a 
spaced distance therebetween adjacent ^aid base, each 
of said bundles having a den^e portion of filaments 
20 bonded together and secured to the support strand at 
said base, 3aid support strend having a width that i3 
equal to or less than the dis /ancc between the tufts in 
a pair. 

3. A pile article corrp::ising : 
25 a support strand; 

a plurality of ' |T J- shaped bundles of 
filaments each bundle defining a oair of loop pile- 
forming tuft??, the tufts in e?.c> pair bant at an angle 
at a bas3 and extending upwardly therefrom, each of 
30 said bundles having a dense portion of filaments bonded 
together and secured to the support strand within and 
at the base of said "U fc . 

4. The pile article of claims 1 or 2 , wherein 
said strand has a surface of thermoplastic polymer and 

35 said filaments of each bundle are thermoplastic 
polyene* . 
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, : -5 . - -The -i pile, article *of claim 4-, vdtaerein said 
surface of sa^d^-stsand* and, said^ti laments of said 
- bundles 4 are of -the* same .thermoplastic polymer . 

6. . Th% pile- articlej pi claim 4, wherein said 
5, surface p£ said^sorand and said filaments of said 
r . , burldles are n^p^. ;v ; : - . - -v . M^a:: . : . . v. 
, . 7 . , Thg ^pi^le article of claim, A/.: wfrerein said 

surface of. saiclv^crand and said .filaments, of said 
bundles are polypropylene . . . v; 

. 10 c . ...a * r : ^Tberpile article of claim 4, wherein said 

fi lament s are,, bonded , together and. secured to the 
- ... support strand by : fusion, of A the thermoplastic polymer 
.... , o of the-suppprt^ strand and - the . filaments . 

v . . , 9 v A pil^ ^ur^ace. structure comprising: 
15 a backing substrate- having a plurality of 

project ions extending -put. from the surface with the 
projections terminating^ in, overhanging portions; 
, ^ c ^ plurality-pf : pile articles, each 

. . comprising a r -support > strand-rand having attached thereto 
s ,2Q r ^ a plurality of „ bundles ; of filaments , the bundles in the 
. jform of ploop. pile-|©nni>ng t;uf ts which; ar.e^at-tached to 
. ■. ^ the support strand pit a base; r , 

, r saifi piler artic^e^ placed one-next to the 
' .. other on saidj^ubst-rate cWith ,the support strand located 
25 between the prpjecjions; and retained between the 

overhanging portions and the substrate -^ith ' the base of 
the. bundles- a$ij ajcpnt^t he ^syhst rat e /v and the tuft 
extending ^beyond^he overhanging portions^ j 

. 10 . The, pile article of claims 1; or 2 
.30. including a substrate having projection portions 
wherein said pro jecting portions have overhanging 
portions engaging : gaid pile article to attach the pile 
article to the substrate; 

11. The pile article of claims- 1 -or -.2 
35. including a backing substrate wherein a plurality of 
j said articles are placed one Jiext ? tp tt\e other and 
attached to said backing substrate with the dense 
portion of the filaments of the pile articles adjacent 
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the substrate and the - tufts - of the pile articles 
extending away- ftcm^the- substr ate . ' 

12 . A*' pile surface structure 'Comprising : 
a backing substrate; 
5 ? , . a plurality * of pile ' af ticre^, Attached to 

said substrate each comprising', a plurality ;, bf bundles 
of filaments attached "to a support strand wherein each 
bundle is- in the^ form of : a pair^ bf "loops^wifeh one of 
the pair bonded on each side af > the'strand; " 
10 " said : pile : articles 1 being placed onenext 

to the other and attached 1 to said' substrate I 

- - ■ 13 . ' The^ pile surface structure of -claims 9 or 
12, wherein a 'surface of- the~ strand/ 's£id filaments of 
said bundles and said-backing 7 substrate are 
15 thermoplastic polymer-'. ■ ■ ' c - 

* 14 /- ' The pile 1 surface Structure of ' claim 13, 
: '. wherein said-thermoplastic- pdiymer n is nylon . 

• r 15/- The pile vsurf^ce^structur^ of claim 13, 

- ^wherein said thermoplastic' polymer : i : s polypropylene. 
20- ■'' -\ 16. ' The pile su^ace ; structure of claim v 13 , 
wherein caid uhonnopl^ctxv: polymer is ^polyester . 

17. The pile surface- ^structure acclaim 12, 
wherein the- bundle of f i'lameiitV is an entangled bundle. 

18. The pile s u r f a~ce ; * s tru c t ure of claim 12, 
25 wherein the bundle of 'filaments -is* a ply-twisted 

- bundle . r ... ^ : - 

1? . An elongated' p^; %rt icle' cbmpris a 
plurality of bundles of filaments attached to au 
elongated" support strand' Wherein each bundle is in the 
3 0 f c>rm of : a pair of l 166ps ; : with -oile "loop 'of "the pair 
* _ bonded' oh each 'side of the strand -and wherein the 
bundle of filaments is comprised of a plurality of 
multifilament strands with at least orie of the strands 
having a diff ereht : appearance"" than the other strands, 
35 ' 20 : . The pile surface Structure of claim 12, 

wherein the filaments of the bundles are solution-dyed 
; nylon;' - - ~- - ^ 
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,i c. .A^e^^f, taking an^elongateci^p pile 

^a^ticle^ comprising., ,<- 00 r - ;o ., 

, , ,iv. it f w,o e.co» t a ? Ung..a i n f elon ? ated support strand 

^ith a .p^raUtr,<?^un^e.s o^ t f i lament sV w^ each 
5 bundle comprises a pair of loops with one on e^ch side 

of the strand ; 

offsetting the pair of loops relative to 

the strand so one loop of the pair has a different 
length loop than the other loop of the pair; 
10 bending said bundles over the strand; 

bonding said filaments of each bundle 
where they contact the strand to form a dense portion 
in the bundle that has the filaments bonded together 

and to the strand. 
15 22. The method of claim 15, wherein the 

bonding is accomplished by an ultrasonic bonding 
process . 

23. The pile article of claim 4, wherein said 
surface of said strand and said filaments of said 

20 bundles are polyester. 

24. A pile surface structure comprising: 
a backing substrate; 

a plurality of pile articles of claim 19 
attached to said substrate, each pile article 
25 comprising a support strand and a plurality of bundles 

of filaments. 

25 . The pile article of claim 24, wherein the 

different appearance is a different color. 

26. The pile article of claim 24, wherein the 
30 different appearance is a different lustre. 

27. The pile article of claim 24, wherein the 
different appearance is that the at least one strand is 

ply- twisted. 

28 The pile surface structure of claim 12, 
35 wherein one of the pair of loops has a different length 
loop than the other loop of said pair. 

29. An elongated pile article comprising a 
. _ plurality of bundles of filaments attached to an 
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elongated support strand wherein each bundle is in* the 
form of a pair of loops with cne of the pair bonded to 
each side of thi strand and one of the pair having a 
different length loop Wan th* o'-her loops of said 

pair, 
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